Cell Signaling A Spider's Web of Architectural Beauty and Complexity by Cerione, Richard A.
Book Reviews
555
Lewis Wolpert ducin within 1 s. Each activated G protein can then
stimulate an effector enzyme, generating 100–1000 mol-Anatomy and Developmental Biology
University College London ecules of second messenger per second, thus yielding
as much as a 105 amplification of the initial signal. InGower Street
London WC1E 6BT the case of visual transduction, this allows individuals
to see in very low light and explains how Mark McGwireUnited Kingdom
is able to hit a fast ball approaching at 100 miles per
hour.
Still, with each passing year it has become increas-
ingly clear that most cellular responses are not producedCell Signaling: A Spider’s Web
via simple, linear signaling cascades. This may be bestof Architectural Beauty and
exemplified by growth factor–coupled signaling to the
Complexity nucleus, which is essential for the regulation of cell cycle
progression and for determining whether cells prolifer-
ate or undergo differentiation. Initially, the suspicion was
Signaling Networks and Cell Cycle Control: that striking similarities would exist between the signal-
The Molecular Basis of Cancer and Other Diseases ing pathways utilized by heterotrimeric G protein–
Edited by J. Silvio Gutkind coupled serpentine receptors and those used by recep-
Totowa, NJ: Humana Press (2000). 592 pp. $165.00 tors for polypeptide growth factors, given that an
essential and early step in growth factor–coupled signal-
ing involves the activation of Ras, a single chain GTP
How cells receive various stimuli at their surface, includ- binding protein. Ras was initially shown to be the caus-
ing growth factors, hormones, antibodies, and viruses, ative agent for rodent cancers induced by a specific set
and translate these inputs into high throughput signaling of retroviruses and subsequently was the first human
responses continues to be one of the hottest questions oncogene product to be identified (Barbacid, Annu. Rev.
in biology. In Signaling Networks and Cell Cycle Control: Biochem. 56, 779–827, 1987). A variety of growth factors
The Molecular Basis of Cancer and Other Diseases,Gut- promote the activation of Ras (exchanging bound GDP
kind undertakes the formidable challenge of presenting for GTP) just as hormones and sensory stimuli induce
a comprehensive view of cellular signaling pathways. A the activation of heterotrimeric G proteins. Moreover,
clear theme that emerges is the enormous complexity point mutations causing Ras to be defective in GTP
that underlies most cellular responses and the vast vari- hydrolysis may be present in as many as 30% of all
ety of proteins and interaction/binding motifs used to human cancers. Thus, the idea emerged that Ras serves
transduce signals. The extent of complexity is particu- as a GTP binding/GTPase switch for growth factor re-
larly surprising when one considers that as recently as ceptors, in a manner completely analogous to the roles
the late 80s and early 90s many believed that all cellular for heterotrimeric G proteins in sensory response path-
signaling pathways consisted of a relatively simple se- ways. However, it soon became apparent that things
quence of protein–protein interactions. The discovery were not quite that simple. Growth factor receptors do
that heterotrimeric GTP binding proteins (G proteins) act not directly bind to Ras but rather use intermediate
as molecular switches, linking the activation of seven- adaptor proteins containing Src-homology 2 (SH2) and
membrane spanning receptors (also known as hepathe- Src-homology 3 (SH3) domains and the guanine nucleo-
lical or serpentine receptors) to second messenger– tide exchange factor Son-of-sevenless (Sos) to make
generating enzymes and ion channels, provided a the link between tyrosine phosphorylated receptors and
working paradigm for cellular signal transduction. In Ras (Egan and Weinberg, Nature 365, 781–783, 1993).
these pathways, signal propagation is initiated when an Furthermore, growth factor receptor tyrosine kinases
activated receptor binds to a G protein. This interaction can initiate multiple signaling pathways in addition to
accelerates GDP dissociation from the G protein and those leading to Ras activation, and Ras in turn can
enables cellular GTP to replace the dissociated GDP, stimulate a number of different targets, the best known
thus driving the G protein to its active signaling state. being the Raf kinase, which initiates a kinase cascade
A relatively slow GTP hydrolytic activity (turnover num- culminating in MAP kinase activation in the nucleus.
bers of only z1–4 per minute) switches off the signal but Moreover, we now know that Ras is not an anomaly as
only after production of second messenger in amounts G proteins go, but instead is the founding member of
an entire family of related (single-chain or small) GTPsufficient to trigger the desired biological response.
These types of three component receptor/G protein/ binding proteins which participate in almost every as-
pect of cellular life (The Ras Superfamily of GTPases, J.effector systems mediate a remarkable variety of biolog-
ical responses ranging from cardiac and smooth muscle C. Lacal and F. McCormick, eds., Boca Raton, FL: CRC
Press, 1993). Many of these other Ras-related small Gcontraction to sensory responses including vision, taste,
and smell. Perhaps the most important of several beauti- proteins are also activated by growth factor receptor
tyrosine kinases and some (e.g., members of the Rhofully designed features is the potential for significant
signal amplification (Gilman, Annu. Rev. Biochem. 56, subfamily including RhoA, Rac, and Cdc42) work to-
gether with Ras to induce the malignant transformation615–649, 1987). Upon activation, the G protein dissoci-
ates from its receptor, thus enabling a single receptor of cells. Finally, a number of lines of evidence argue for
crosstalk between heterotrimeric G proteins and Rasprotein to switch on multiple G proteins. A classic exam-
ple is the photoreceptor rhodopsin which can activate or related small G proteins (Crespo et al., Nature 69,
418–420, 1994; Hart et al., Science 280, 2112–2114,as many as 100 molecules of the retinal G protein trans-
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1998). Perhaps most remarkable is the recent demon- and computational efforts will in turn require detailed
stration that the stimulation of adenylyl cyclase activity quantitative information regarding the affinities for each
and cyclic AMP production represents only the first of the relevant protein–protein interactions as well as
wave of signaling by the b-adrenergic receptor/Gs-cou- the rates at which each interaction occurs.
pled adenylyl cyclase system. Following the termination This means that a good deal of work lies ahead for
of this signal, a second wave of signaling occurs that us in the future. We now must deal with several new
feeds into Ras and leads to MAP kinase activation (Lut- challenges that go beyond the previous goals of identi-
trell, Science 283, 655–661, 1999). fying the primary participants in signaling responses.
Thus, Gutkind in Signaling Networks and Cell Cycle While these goals will continue to be an important prior-
Control has his work cut out for him in the attempt to ity and should certainly reap benefits from the wonderful
provide a thorough coverage of the vast array of signal- progress of genomic sequencing efforts, the identifica-
ing cascades responsible for virtually every cellular re- tion of putative signaling participants will have to be
sponse. It is an admirable effort, as a number of leaders verified by placing each candidate in the right place in
from a broad range of signaling fields have been assem- the cell at the right time to ensure its true physiologi-
bled to present the background and important develop- cal involvement. In addition, new spectroscopic ap-
ments in the areas of different cell surface receptors, proaches will be required to study relevant signaling
protein kinases and phosphatases, GTP binding pro- interactions in living cells and in real time. The develop-
teins, tumor suppressors, and transcription factors. ment of fluorescence resonance energy transfer tech-
Again and again, the reader is confronted with the stag- niques to directly monitor protein–protein interactions
gering complexity that underlies cellular signaling events. in cells offers exciting possibilities, and hopefully will
It seems that any given cell surface receptor can feed provide the kind of quantitative information that is nec-
into a number of types of signaling transducer proteins, essary to the success of modeling efforts. Such efforts
which in turn can bind multiple regulators and down- will give rise to new predictions regarding how changes
stream targets. An unavoidable challenge is how to de- in the levels of a single reactant, or a group of reactants,
cide which signaling molecules receive the greatest at- in a complex signaling network can dramatically influ-
tention, and predictably, the depth of coverage varies ence the final cellular response. Of course, these efforts
from chapter to chapter, where in some instances a will also have to be coupled to new developments in
specific signaling molecule or even a relatively new sub- the areas of structural biology that extend even beyond
family receives more coverage than an entire superfam- the emerging field of structural genomics or proteomics.
ily. However, the far greater challenge is timeliness, as It is difficult to argue against obtaining as much informa-
the pace of discoveries in cellular signaling is often fre- tion as possible regarding how particular sequences will
netic and at times causes the field to undergo dramatic predict a specific structural fold. However, this will not
changes in course. Thus, any coverage of the subject alleviate the pressing need to determine how different
requires the almost immediate need for updating and signaling proteins come together and interact. Often this
revision and this will certainly hold true for Signaling will require knowing the three-dimensional structure of
Networks and Cell Cycle Control. Nevertheless, the book a membrane-associated partner (e.g., cell surface re-
provides a valuable source for literature references and ceptor) and will likely entail large complexes, given that
a summary of key discoveries from virtually every area of the important roles of scaffold proteins in cellular signal-
signal transduction and should serve as a good starting ing are becoming the norm rather than the exception.
point for students who are especially interested in linking No one said that understanding complex cellular sig-
biomedical questions to basic research. The latter chap- naling phenomena would be easy. Still, we have every
ters in particular serve to nicely dovetail various thera- reason to be optimistic, given the current rate of devel-
peutic strategies arising from basic research in signal opment of computer technology and informatics. Cellu-
transduction, and thus provide a good overview of the
lar Signaling and Cell Cycle Control already gives us
emerging areas in molecular medicine and rational drug
much to hope for in terms of the various clinical strate-
design.
gies that have emerged from basic biomedical researchPerhaps the book’s take-home message is that the
efforts. As we begin to painstakingly assemble eachremarkable complexity underlying cellular signaling
piece of the spider’s web of cellular signaling networksevents now raises the ante for all investigators who are
linked to pathological and disease states, the possibili-interested in understanding how the stimulation of a
ties for therapeutic intervention become endless.particular group of receptors on the surface of a cell is
converted into a specific biological outcome. Make no
Richard A. Cerionemistake about it, cellular signaling has become a bona
Department of Molecular Medicine andfide computer problem, requiring computational meth-
Department of Chemistry and Chemical Biologyods to integrate the branching pathways that begin at
Cornell Universitythe level of cell surface receptors and continue at each
Ithaca, New York 14853subsequent downstream step. It is becoming impossible
to conceptualize how all of the cross-talk between differ-
ent signaling pathways is achieved and worse, how the
multiple and sometimes opposing outputs from a single
stimulus are integrated to yield a final net cellular re-
sponse. Cell and molecular biologists working on signal-
ing problems will need help and lots of it from those
trained in computational approaches. Serious modeling
